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Abstract — Lossless broad-band microwave active inductors for general- 
purpose use in liiicrowave circuits are proposed and their characteristics 
ire discussed. These active inductors are composed of a common-source 
cascode FET and a feedback FET, and operate in a vnde frequency range 
with very low series resistance. A maximum Q factor of 65 is obtained. 
T tically, it can reach inflnity. Furthennore, the inductance value can 
be cuntrolled by an external voltage control. 



I. Introduction 

IN MMIC DESIGN, spiral inductors are often used to 
reduce chip size [l]-[3]. However, the area of a spiral 
inductor is still rather large compared to that of other 
lumped elements. It is also difficult to realize a broad-band 
spiral inductor, especially one of high inductance, because 
of stray capacitances. We previoxisly proposed a ini- 
crowave active inductor comprising a cascode FET and a 
feedback resistor for realizing wide-band MMIC's of 
smaller size [4]. It operates in a much higher frequency 
range than a spiral inductor. It is small and independent of 
the inductance value. However, because it includes an 
equivalent series resistance with a value approximately 
equal to the reciprocal of the GaAs FET transconduc- 
tance, MMIC's where the active inductor can be applied 
a* "mited. 

*o overcome this limitation, we propose new types of 
microwave active inductors. One advantage of the newly 
proposed active inductors is low-loss or lossless character- 
istics due to the replacement of the feedback resistor by 
GaAs FETs, as well as the above-mentioned • features 
realized in the previously proposed active inductor. 

In this paper, further information on the previously 
proposed active inductor is given. The performance of the 
newly proposed active inductors is discussed and com- 
pared with the previously proposed active inductors and 
conventional spiral inductors. 



Manuscript received March 31. 1989; revised July 21. 1989, 

S, Hara and T. Tokumitsu are with ATR Optical and Radio Communi- 
^tions Research Laboratories, Sanpeidani, Inuidani, Seika-cho, Soralni- 
pin, Kyoto 619-01 Japan. 

M. Aikawa was with ATR Optical and Radio Communications Re- 
*^ch Laboratories, Kyoto, Japan. He is now with NTT Radio Commu- 
nication Systems Laboratories. Kanagawa 238-03 Japan. 

IEEE Log Number 8930946. 



Cgs2 . 



Cgsl ^ 



J- 



Common Source Coscode FET 



Fig. 1. Circuit configuration of the previously proposed active in- 
ductor. 



n. Previously Proposed Active Inductor 

A, Configuration and Operation 

The schematic of the previously proposed microwave 
active inductor is shown in Fig. 1 to explain the very high 
frequency operation of the active inductors. This active 
inductor is composed of a common-source cascode FET 
and a parallel feedback resistor {R^xd^ where very high 
frequency operation is achieved by canceling the dominant 
parasitic capacitances in each FET of the cascode FET. 
When an FET is assumed to be the combination of only 
the transconductance and the gate-source capacitance 
Cyj, the impedance Z of this active inductor is given by 



(1) 



where the subscripts 1 and 2 correspond to the first and 
second FET, respectively, in the cascode FET. When the 
cascode FET is composed of the same FETs with the 
same and C^^, the gate-source capacitances C^^j and 
Cy^2 cancel each other. This is why this active inductor 
operates over a wide frequency range. Operation up to 10 
GHz was confirmed through measurements [4], The reso- 
nant frequency of these active inductors increases further 
as the FET's high-frequency characteristics improve. An 
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rig. 7. Schematics of the fabricated active inductor, (a) Photograph of 
the chip, (b) Circuit coafiguratioii. 



iicted in Fig. 6. This is because the FET for do bias does 
ipt offer infinite impedance for the active inductor. The Q 
ralu about 2 at 3 GHz. A higher Q value can be 
}btained by using a FET with a wider gate as cascode 
7ET, 

0. Linearity arid Distortion 

As with the resistor feedback active inductor, the current 
s distorted when the input voltage is higher than (F^ — 
^^3), where and V^^ are the dc bias voltage of the 
jource and gate of the feedback FET. Therefore, i'i.max ^ 
predicted to be about 5 dBm when 100-/im-gate-width 
pet's are used. Fig. 9 shows the reflection power versus 
ncident power characteristics measured by the spectrum 
malyzer shown in Fig. 2. The circles represent the funda- 
nental wave (2 GHz) and the triangles represent the 
;econd harmonics (4 GHz). The 1 dB compression point is 
ibout 5 dBm, which agrees with the predicted value. The 
iandling power of the FET feedback active inductors 
vhich have same inductance is the same, because the 
nductance is determined by the gate width of the feedback 
^ET in the FET feedback active inductor. 
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Fig. 8. Impedance-frequency characteristics of the CGF feedback ac 
tive inductor. Impedance is represented by series resistance and induc- 
tance. * 
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Fig. 9. Reflection power versus incident power of the active inductor. 

rv. Newly Proposed Active Inductor 
(Type (b)) 

A. Configuration and Operation 

A schematic of the other type of active inductor is 
shown in Fig. 10. A conunon-gate cascode FET or a 
common-gate dual gate FET is used for the feedback 
circuit. In this case, the admittance 7 of the parallel 
connection of a common-source cascode FET and a com- 
mon-gate cascode FET is approximately expressed as fol- 
lows: 



SmSm/ 



(5) 



Here, and Cg^^ are, respectively, the transconductance 
and the gate-source capacitance of each FET in the com- 
mon-gate cascode FET. Equation (5) shows that the equiv- 
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Z*iajCqs/(9m-gmf) 



Rs = Cgs/(Cqsf9nn) 

J newly proposed ai 
The feedbaclTciicuit is a common-gate cascode FET. 



Common Source Cascode FET 

ig. 10. Circuit configuration of the newly proposed active inductor. 
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Rg. 11. Impedance change of the active inductor to the gate bias. 

lent circuit of this active inductor is a parallel connection 
I a negative resistor (- C^,/C^j/'gm) and an inductor 
Cgs/gm'Sm/)' Therefore, if a shxint resistor with a value of 
\j/C 'g^ is connected as shown in Fig. 10, this cir- 
uit . jtions as a lossless inductor whose value is 
\s/Zm'Smf- Furthermore, the inductance value can easily 
e controlled by the external control voltage supplied to 
le second gate of the feedback cascode FET, because g^j 
J cohtroUed by 

Calculated Performance 

The loss of a cascode FET feedback type active inductor 
an be lower than that of the CGF feedback type, as 
lown in (3) and (5). Furthermore, the inductance value 
an be changed by changing the voltage of the second gate 
f the feedback cascode FET. The impedance change of 
le active inductor is shown in Fig, 11, where the control 
oliage Vc is changed. These curves are obtained from the 

parameters calculated by using the Curtice model in 
mwSPICE," where a 150-/xm-gate-width common-source 
iscode FET and a 50-jiim-gate-width conmaon-gate cas- 
^e FET are used. By changing the control voltage, the 
iductance value changes from 2 nH to 3 nH while the 
-ries resistance changes only from 2 fi to 10 fi. 
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Fig. 12. Impedance-frequency characteristics of the cascode FET feed 
back active inductor. Impedance is represented by series resistance and 
inductance. . . « 



C. Experiment Result 

Fig. 12 shows the measured impedance of the cascode 
FET feedback active inductor, where the impedance is 
represented by series resistance and inductance. Each FET 
in the active inductor has a 100 /im gate width. The 
TnaYimnm Q factor of 65 is obtained at about 8 GHz. 
Because the resistor value is selected to make the active 
inductor stable at all frequencies, the active inductor is 
somewhat lossy at lower frequency points. However, the 
loss is still lower than that of the CGF feedback active 
inductor. Furthermore, an infinite Q factor can be ob- 
tained at an even lower frequency by using a higher value 
shimt resistor R^. In this case, the active inductor is 
potentially imstable. 

V. Conclusion 

Low-loss microwave active inductors have been newly 
proposed. These active inductors are composed of a com- 
mon-source cascode FET and a feedback FET which is a 
coihmon-gate FET or a common-gate cascode FET. Their 
low-loss characteristics are demonstrated through simula- 
tions and experiments. A maximum Q factor of 65 is 
obtained. The handling power of the active inductors is 
also demonstrated. Additionally, these active inductors are 
broad-band and voltage controllable. They should prove 
valuable in designing smaller and more efficient mi- 
crowave IC's. 
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